We discuss in this letter the markovian model and its limitations when applied to model the turbulent refractive index in lightwave propagation.
The earliest works approached the problem of beam wandering from within the Geometric Optics. 
is found in both.
However, the authors introduced an arbitrary Gaussian covariance function for the refractive index which is not physically plausible; also, these techniques do not include the effects of a finite beam diameter. Chiba 3 tried to overcome these limitations. He assumed that changes of the refractive index over small scales have almost no effect on the motion of the beam centroid. Using a Kolmogorov-like structure function he also found a power-law dependence as in Eq. (1).
On the other hand, whenever the width of the beam is smaller than the turbulence inner scale the Ray Optics approximation is enough. These beams known as thin-beam were studied by Consortini and O'Donnell. 4 Following the Beckmann's work, they analized experimentally and theoretically the dependence of thin-beam displacements with the propagation distance. They also showed, in the case of small fluctuations, that the transverse displacement variance follows a third-power law dependence on the path length independently of the turbulence spectrum used. In an-other work, Consortini et al. 5 investigated experimentally, for laboratory-generated turbulence, the dependence of beam variance on propagation length in the case of strong turbulence. They found a rough estimate of the third-power law dependence. 
where L is the path length, λ the wavelength and l 0 the dimension of the inner scale. 
Andreev and Gelfer
where A is a differentiable function defined by some characteristic lenght-associated to the outer scale-it becomes independent of the path length. This phenomenon is due to the introduction of memory through the covariance of the intensity.
Tatarskȋ and Zavorotny 11 derived the conditions of validity for the Markov approximation. They found that it is applicable if all the characteristic dimensions arising from the wave propagation problem are small compared to the path length.
As Ostoja-Starzewski explained 14 an intuitive justification for the Markov property is that the ray-light on a long distance behaves as if it has suffered many independent refractions. Then, this approach holds only for long paths.
Most of the past and present research in turbulent lightwave propagation, we have seen, is based directly or indirectly on the markovian model. The indirect use of the approximation is made through the assumption that the index itself is homogeneous- 
for the white noiseḂ 1/2 (z)-understood as the derivative of the Brownian motion, i. e., ǫ = L(Ḃ 1/2 ). We can analize this processes coordinate by coordinate,
where F is continuously differentiable in ρ. Therefore, the derivatives R F x i (ρ, z; s)dB
we used the property E(dB
ds for the white noise. Now, differentiating the covariance of the 'coordinate', Eq. (3), by
we find
Henceforth, the covariance operator commutes with the derivative coordinate to coordinate. Finally, this property is extended to the whole markovian process
This property is commonly used in turbulent optics regardless its original nature.
That is, the original covariance, Eq. (2), is neglected. As example we can cite the works 2, 3, 4 in Geometric Optics. These, after some calculation, usually end up with an
where L is the traveled distance and ∆x is the displacement of the spot on the screen.
Afterwards, its covariance is evaluated. It is fairly common among these works to proceed to commutate the average with the derivatives. Nevertheless, there are no arguments given justifying such procedure. The commutative property, Eq. (4), holds for the markovian approximation but it is likely not applicable in other situations.
In particular, the existence of the above derivative should be proved. For example, isotropic scalar fields could lead to derivatives proportional to a white noise; thus, to a non-differentiable process for which the commutative property does not hold.
Finally, we observe the markovian model of the refractive index is proportional to 
